Managing with resistant soybean varieties
Resistant soybean varieties have been a very effective and economical means of managing SCN for several decades. The resistant varieties allow relatively low SCN reproduction and produce profitable yields compared to susceptible varieties (Tylka et al. 2016) . And the cost of seed of resistant soybean varieties is no more than seed of susceptible (non-resistant) varieties. Unfortunately, a great majority (97%) of the SCN-resistant soybean varieties available for Iowa have contained resistance genes from a single breeding line or source of resistance, called PI 88788 (McCarville et al. 2017, Tylka and . A similar situation exists with SCN-resistant varieties in many other states in the north central United States. Growing soybean varieties with the same SCN resistance genes year after year is akin to using a single pesticide active ingredient on populations of insects, fungi, or weeds year after year. Eventually, the pest population can build up resistance to the pesticide or resistance genes. And such is the case with SCN populations in Iowa and PI 88788 SCN resistance genes.
Throughout the 1990s, resistant varieties with the PI 88788 source of resistance were effective, holding Iowa SCN populations to less than 10% reproduction. But beginning in the early 2000s, reproduction of Iowa SCN populations began increasing on varieties with PI 88788 resistance, and levels of 50% or greater reproduction now are not uncommon (McCarville et al. 2017) .
Farmers are advised to grow soybean varieties with different sources of resistance and also to grow different soybean varieties with the common PI 88788 source of resistance to delay the build-up of resistancebreaking populations of SCN. Farmers also should have fields sampled to determine and monitor the levels or population densities of SCN present in the soil.
Managing with nematode-protectant seed treatments
Nematode-protectant seed treatments are a relatively new management option for SCN. The first products that became available, in the 2000s, were Avicta, N-Hibit, and Votivo. Several more products were released in subsequent years, and currently there are seven choices (table 2) , with more new products likely to come in future years. ppns = plant-parasitic nematodes; SCN = soybean cyst nematode; RKN = root-knot nematode; reniform = reniform nematode; lesion = root-lesion nematode.
An interesting aspect of nematode-protectant seed treatments is that each product has a different active ingredient and mode of action. Some products have chemicals and others have biological organisms as active ingredients. Many, but not all, of the seed treatments have direct effects on SCN. Some products are very specific for SCN, such as Clariva, whereas some have activity against several species of plant-parasitic nematodes. Most of the nematode-protectant seed treatments are not sold as stand-alone products, rather are offered bundled on top of seed insecticides and fungicides.
Use of nematode-protectant seed treatments may reduce SCN reproduction, may increase soybean yields, may have both effects, or may have no effect (figure 2). The results obtained when using these seed treatments undoubtedly will vary among the different products and likely also will vary among growing seasons and, perhaps, among soil environments and other yet-to-be-identified factors. 
Conclusion
Because of the high reproductive abilities of SCN on soybeans and its very effective long-term survival in the soil in the absence of host plants, successful long-term management requires coordinated use of all available management tactics, which include growing nonhost crops, growing resistant soybean varieties, and using nematode-protectant seed treatments.
